Objective: Primary hyperparathyroidism (PHPT) during pregnancy may pose considerable risks to mother and fetus. This study examined pregnancy outcomes in women with gestational PHPT in relation to clinical and laboratory parameters.
P
rimary hyperparathyroidism (PHPT) is the third most common endocrine disorder in the general population, after diabetes mellitus and thyroid disease (1) . However, it rarely occurs during pregnancy (1) (2) (3) . Gestational PHPT may have serious consequences for both mother and fetus (4 -7) . The rate of maternal complications during pregnancy, especially hyperemesis and nephrolithiasis, can be as high as 67% (1, 5) .
Only two studies to date have investigated the rate of pregnancy loss in women with gestational PHPT, and there were conflicting results (5, 8) . Norman et al (5) reported a 3.5-fold higher-than-normal rate of miscarriages among 77 pregnancies in 32 women with gestational PHPT from a single practice and suggested that surgical intervention in the second trimester might reduce the risk. By contrast, Abood and Vestergaard (8) , using data from a large registry of women in their childbearing years, found no association between a diagnosis of PHPT and the rate of abortions. However, owing to the methodology used in the latter study, the actual number of pregnancies complicated by gestational PHPT was unclear, and no information was provided on serum calcium and PTH levels.
The aim of the present retrospective study was to evaluate the rate of obstetrical complications and pregnancy loss in a large cohort of women with a proven diagnosis of PHPT during gestation, in relation to clinical and laboratory parameters.
Subjects and Methods
This study was performed at Maccabi Healthcare Services, the second largest publicly funded health maintenance organization in Israel, and was approved by its Ethics Review Board. The computerized database of Maccabi Healthcare Services was screened for all women ages 20 -40 years who underwent serum calcium testing in [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . The files of the women with at least one serum calcium level of Ն10.5 mg/dL were reviewed for additional serum calcium measurements as well as serum PTH levels. Those with PHPT, defined as repeated hypercalcemia in the presence of a high serum PTH level, were identified. This group was then further narrowed to women who had one or more pregnancies during the time of hypercalcemia.
Women were included in the final study sample if they fulfilled the following criteria: PHPT was diagnosed before, during, or after the pregnancy/pregnancies that occurred during the study period; the first elevated serum calcium level was detected before or during the first included pregnancy; and successful parathyroidectomy (ie, leading to a normalization of serum calcium level) had not been performed before the included pregnancy/pregnancies. The demographic and clinical parameters of the study group were collected by file review as follows: age at onset of pregnancy, number of previous pregnancies, number of previous pregnancy losses, time from the first detection of hypercalcemia to onset of the included pregnancies, maximal evermeasured serum calcium level, 24-hour urine calcium level, documentation of nephrolithiasis or low bone mineral density, PTH level at diagnosis, time of PHPT diagnosis, and time of surgery for PHPT, if performed, in relation to the included pregnancies. The following laboratory parameters, related specifically to each pregnancy period, were retrieved as well: number of serum calcium tests and serum calcium level at each test. Serum calcium levels were quantified using the Beckman Coulter AU5400/ AU5800-CALCIUM oCPC kit. Serum PTH levels were quantified using Siemens Immulite 2000 Intact PTH or Siemens Advia Centaur Intact PTH kits. We also recorded all documented pregnancy complications, including abortions, preterm delivery (20 -37 wk), pre-eclampsia, polyhydramnios or oligohydramnios, intrauterine growth retardation, cesarean section, vacuum delivery, and small-or large-for-gestational-age fetus. For women with more than one pregnancy during the study period, each pregnancy was analyzed separately.
The control group consisted of 175 age-matched normocalcemic women insured by the same health maintenance organization who conceived at least once during the study period. None had evidence of hypercalcemia up to the time of data collection for the present study (July 2014).
Statistical analysis
The study and control groups were compared for demographic characteristics by t test for independent samples and for rates of abortion and all obstetrical complications by 2 test. All pregnancy-related complications were grouped and analyzed together owing to the small number of each. The sample sizes enabled the detection of a difference of 15% in the proportion of abortions and all obstetrical complications between the control and study groups with a power of 80%. The same statistical tests were used to compare subgroups of patients (parathyroidectomy performed/not performed, serum calcium level measured/not measured during pregnancy, follow-up/no follow-up by an endocrinologist, and serum calcium levels occasionally/never within normal range). Observed differences were assumed to be statistically significant if the probability of chance occurrence (P value) was less than .05. Pearson correlation coefficients were calculated separately between serum calcium levels and abortions and between serum calcium levels and all pregnancy complications. Maximal-ever and maximal gestational calcium levels were compared by paired t test.
Results

Study population
Between 2005 and 2013, serum calcium levels were measured in 292 024 women aged 20 -40 years at the central laboratory of Maccabi Healthcare Services. At least one measurement of Ն 10.5 mg/dL was recorded for 1199 women (0.4%). The large majority (1070 patients; 89.2%) had mild hypercalcemia, defined as a level between Ͼ10.5 and Ͻ11.0 mg/dL. A total of 159 (13.3% of women with hypercalcemia, representing 0.05% of the whole cohort of women tested for serum calcium level) were diagnosed with PHPT based on repeated high serum calcium level and high serum PTH level. Seventy-four women in this subgroup (0.03% of whole cohort) conceived during the time they had PHPT, ie, after the first detection of hypercalcemia and before successful parathyroidectomy, if done. These patients constituted the study group. The total number of pregnancies in the study group was 124; 43 women became pregnant once during the study period, 22 patients twice, four patients three times, and five patients four or more times. The control group included 175 healthy women (431 pregnancies) who conceived during the study period and who underwent at least one measurement of serum calcium level during this time with normal-range results (maximal-ever measured serum calcium level, 9.5 Ϯ 0.4 mg/dL; median, 9.5; range, 8.4 -10.4).
Demographics
The demographic data of the study and control groups at onset of their first included pregnancy are shown in Table 1 . There were no significant differences between the groups.
Obstetrical outcomes
Obstetrical outcomes in the study and control groups are shown in Figure 1 . A total of 110 pregnancies in the study group (88.7%) ended in term delivery of an apparently healthy newborn. Abortions were recorded in 12 pregnancies (9.7%) and preterm deliveries in two pregnancies (1.6%). Additional documented obstetrical complications occurred in 17 pregnancies (13.7%) as follows: nonelective cesarean section in nine (7.3%), vacuum delivery in three (2.4%), gestational hypertension in two (1.6%), polyhydramnios in one (0.8%), and large-for-gestational-age newborn in two (1.6%). None of the women had a hypercalcemic crisis or acute pancreatitis during pregnancy. In the control group, 378 pregnancies (87.8%) ended in term delivery. Abortions were recorded in 47 (10.9%) pregnancies and preterm deliveries in six (1.4%) pregnancies. Additional complications occurred in 48 pregnancies (11.1%), mainly nonelective cesarean section reported in 35 pregnancies (8.1%). There were no significant differences between the study and control groups in rates of pregnancy loss or all obstetrical complications. Table 2 shows the clinical and laboratory data of the 74 women in the study group at their first included pregnancy. A total of 70 pregnancies (94.6%) ended in term delivery of an apparently healthy newborn. Abortions were recorded in three pregnancies (4.1%) and preterm delivery in one pregnancy (1.4%). Any obstetrical complication including abortions occurred in 17 pregnancies (23%). An elevated serum calcium level was initially detected during the first included pregnancy in 14 women (18.9%); the remaining 60 patients had had documented hypercalcemia for a mean of 33.4 Ϯ 29 months (median, 24 mo; range, 1-99 mo) before this pregnancy. Serum calcium levels were obtained during the first included pregnancy in 39 women (52.7%). The mean maximal calcium level during pregnancy was significantly lower than the mean maximal ever-measured calcium level (11.1 Ϯ 0.6 and 11.4 Ϯ 0.5 mg/dL, respectively; P ϭ .001). Mean 24-hour urine calcium level, measured in 55 patients (74.3%), was 401.1 Ϯ 162.7 mg (median, 384 mg; range, 115-847 mg). Twenty-five patients (33.8%) had a 24-hour urine calcium level of Ͼ 400 mg. Serum PTH levels (with subsequent diagnosis of PHPT) were obtained during the first included pregnancy in 17 women (23%), before this pregnancy in 23 women (31.1%) (mean, 37.8 Ϯ 25.5 mo; median, 34 mo), and after delivery in 34 women (45.9%) (mean, 54.7 Ϯ 45.7 mo; median, 35 mo). Twelve patients (16%) had evidence of PHPT-related complications at the time of data collection: nephrolithiasis in nine, and osteoporosis/osteopenia in three. Forty-one women in the study group (55.4%) had at least one serum calcium measurement within the normal range after the detection of hypercalcemia and before parathyroidectomy, if done. In the remaining 33 patients, all measurements of serum calcium were high. Comparison of these subgroups revealed that the women with consistently high serum calcium levels had a higher mean maximal ever-measured serum calcium level (11.8 Ϯ 0.5 vs 11.1 Ϯ 0.3 mg/dL; P ϭ .001), a higher mean calcium level during pregnancy (11.1 Ϯ 0.6 vs 10.6 Ϯ 0.2 mg/dL; P ϭ .002), and a higher mean maximal calcium level during pregnancy (11.3 Ϯ 0.6 vs 10.8 Ϯ 0.3 mg/dL; P ϭ .003). However, there was no significant between-group difference in pregnancy outcomes.
Clinical and laboratory data: analysis by patients
By the time of data collection, 43 women (58.1%) had undergone parathyroidectomy, and an additional 11 had been referred for surgery. In 38 of the operated patients, a single parathyroid adenoma was excised, followed by normalization of serum calcium levels. Among the remainder, four had parathyroid hyperplasia, with persistent hypercalcemia in two of them despite the removal of three parathyroid glands, and one had two parathyroid adenomas that were removed in a single operation, with subsequent development of hypoparathyroidism.
Five of the 43 operated patients were pregnant at the time of parathyroidectomy, four of them in their first pregnancy after the detection of PHPT. In all five, a solitary parathyroid adenoma was excised with consequent normocalcemia. There were no maternal or infant complications at surgery or during the subsequent delivery. Their mean gestational calcium level was 11.7 Ϯ 0.6 mg/dL, and the maximal level was 12 Ϯ 0.6 mg/dL. In the other 37 women, parathyroidectomy was performed at 1-168 months after pregnancy (mean, 36.8 Ϯ 44.3 mo; median, 16 mo).
Of the 20 women who were not operated or referred, 13 had mild hypercalcemia (up to 10.8 mg/dL) on repeated measurements, with most levels within the normal range (Ͻ10.5 mg/dL). Three patients were negative for parathyroid adenoma on repeated neck ultrasonography and sestamibi scan, and three patients were lost to follow-up after the detection of PHPT. In the remaining patient, no potential reason for avoiding surgery was documented in the medical file. Comparison of first-pregnancy-related variables between the women who underwent parathyroidectomy and those who did not (Table 3) revealed that performance of surgery was associated with significant hypercalcemia in both the pregnant and nonpregnant states, but not with rates of abortion or any pregnancyrelated complication.
Sixteen women (21.6%) were followed by an endocrinologist during their first included pregnancy. Serum calcium level was measured in all cases. On comparison with the other patients, this subgroup was characterized by significantly higher maximal calcium levels, both ever-measured and during pregnancy (11.7 Ϯ 0.6 vs 11.4 Ϯ 0.5 mg/dL, P ϭ .05; and 11.5 Ϯ 0.7 vs 10.9 Ϯ 0.4 mg/dL, P ϭ .01, respectively), higher mean number of serum calcium tests performed during pregnancy (3.4 Ϯ 2.5 vs 1.1 Ϯ 1.9; P ϭ .0001), shorter time to diagnosis of PHPT from the first detection of hypercalcemia (21.8 Ϯ 36.1 vs 49.3 Ϯ 54.1 mo; P ϭ .03), and higher likelihood to have undergone parathyroidectomy (13 of 16 vs 3 of 16; P ϭ .05). No difference was found for other variables, including rates of pregnancy-related complications.
Clinical and laboratory data: analysis by pregnancies Table 4 shows clinical and laboratory data for the 124 pregnancies included in the study. Serum calcium level was measured at least once during the course of 57 pregnancies (46%). In eight of them, the maximal serum calcium level 17 (23) measured during gestation was within the normal reference range (mean, 10 Ϯ 0.4 mg/dL; median, 10 mg/dL; range, 9 -10.4 mg/dL). Twenty-eight pregnancies were followed by an endocrinologist. Compared to pregnancies that were not followed, they were characterized by significantly higher mean maternal age (34.3 Ϯ 4.8 vs 31.7 Ϯ 5.3 y; P ϭ .029), shorter mean interval to diagnosis of PHPT from initial detection of hypercalcemia (27 Ϯ 40.5 vs 31.7 Ϯ 5.3 mo; P ϭ .003), and higher mean number of serum calcium blood tests during pregnancy (3.5 Ϯ 3.2 vs 0.9 Ϯ 1.6; P ϭ .001), in addition to a higher maximal calcium level during pregnancy (11.2 Ϯ 0.8 vs 10.9 Ϯ 0.5 mg/dL; P ϭ .09). However, no between-group difference was found in rates of abortion or any pregnancy-related complication. Pregnancies in which serum calcium level measurement was performed (Table 5) were characterized by a significantly lower ever-measured level than pregnancies in which serum calcium was not performed, in addition to a significantly shorter time from initial detection of hypercalcemia to diagnosis of PHPT. There were no significant between-group differences in rates of obstetrical complications.
No significant correlation was found between calcium levels during gestation and pregnancy outcomes. Dividing the pregnancies into quartiles by mean serum calcium level yielded no significant differences among the subgroups in pregnancy-related complications.
Discussion
This is the first study of complications of maternal PHPT in pregnancy to focus on calcium levels during the reproductive years. In this manner, we were able to include women with gestational PHPT based on elevated calcium levels before pregnancy, even if the test was not repeated during pregnancy or the diagnosis of PHPT was made after delivery.
In the present cohort, maternal PHPT usually manifested in the presence of only mild gestational hypercalcemia and, as such, was not significantly associated with an increase in rates of abortion or any pregnancy-related complication. The low pregnancy outcome risk found in this study is in contrast with most of the previously reported data. The difference is probably related to the considerably lower serum calcium levels in the current cohort than levels reported in previous case reports and studies (1-7) . Indeed, our screening methods made it possible for us to enroll patients with unrecognized mild hypercalcemia who may have been missed in former publications. PHTP is usually found in older women, with less than 1% of cases occurring during pregnancy (9, 10) . In the present study, PHPT was found in 0.05% of all women of reproductive age in whom serum calcium level was measured. An older series from the era of automated serum calcium screening reported an annual incidence of 8 per 100 000 women of childbearing age compared with 188 per 100 000 in women more than 60 years of age (10) .
Besides the rarity of the disease in pregnancy, the diagnosis of PHPT may be confounded by the normal pregnancy-related changes in calcium metabolism. Hypoalbuminemia, increased glomerular filtration rate, transplacental transfer of calcium, and increased levels of estrogen all contribute to lowering gestational serum calcium levels and masking PHPT (1) . Indeed, in our study, the maximal serum calcium levels measured during pregnancy were significantly lower than the maximal evermeasured calcium level of the patients, and both the mean and median serum calcium levels during pregnancy were Ͻ11 mg/dL. In addition, the symptoms that may appear in patients with PHTP, such as nausea and vomiting, might be attributed to pregnancy itself. It is therefore possible that gestational PHPT is considerably underappreciated (11, 12) . In our study, almost half of the patients (35 of 74; 47.3%) were diagnosed after delivery, although hypercalcemia was documented before pregnancy.
Maternal hypercalcemia might result in significant maternal and fetal morbidity. Reported PHPT-related maternal complications during pregnancy include hyperemesis, nephrolithiasis, muscular weakness, mental symptoms, skeletal pain, and fatigue (1, 6, 9, (11) (12) (13) . PHTP also poses an increased risk of pre-eclampsia (14) . More severe complications such as hypercalcemic crisis and pancreatitis have been reported as well, although at extremely high serum calcium levels (2, 15) . Neonatal complications include neonatal hypoparathyroidism, hypocalcemic tetanus, mental retardation, and low birth weight (9, 11, 12,  16, 17 ).
Several studies, mostly individual case reports or small series, have described an association of high maternal calcium levels with an increased risk of pregnancy loss and abortion (6, 9, 11, 14, 15, 18, 19) . It was calculated that of the reported 33 pregnancies in women with PHPT who did not undergo surgery, 19 (58%) resulted in uneventful deliveries, eight (24%) ended in cesarean delivery, and six (18%) in abortions or preterm deliveries (8) .
In a retrospective single-practice study, Norman et al (5) reported a 48% rate of pregnancy loss among 77 pregnancies in 32 women with gestational PHPT who did not undergo parathyroidectomy during pregnancy. Fetal loss rate increased directly with increasing maternal serum calcium levels and was most evident when measured levels were above 11.4 mg/dL. By contrast, we found no evidence of an increased abortion rate in women with gestational PHPT. However, our study had several noteworthy differences from that of Norman et al (5) that render the two studies more complementary than contradictory. First and most important, the women included in our cohort had a much milder degree of gestational hypercalcemia than the earlier cohort, with a mean serum calcium level of 10.9 Ϯ 0.5 mg/dL during the first included pregnancy and 10.7 Ϯ 0.6 mg/dL (range, 8.9 -12.7) in all included pregnancies, as opposed to 11.4 Ϯ 0.4 mg/dL (range, 10.6 -13.3) at diagnosis of PHPT in all pregnant women in the study of Norman et al (5) . Indeed, we cannot comment on the effect of severe hypercalcemia during pregnancy because so few of our patients had such high serum calcium levels. Accordingly, a mean serum calcium level of Ͼ 11.0 mg/dL was obtained in the present study in only 14 pregnancies (18.9%), including five in women who underwent parathyroidectomy during gestation.
Furthermore, our study was based on community data, whereas the women in the study of Norman et al (5) attended a unique medical practice limited to the (surgical) treatment of PHPT. Therefore, it may be assumed that the women in the earlier series had more severe disease or were more motivated to undergo parathyroid surgery because of previous abortions. In the series of Norman et al (5), 23 of the 32 women (71.9%) had had at least one abortion before entering the study; six of them (26%) had repeated abortions. This high rate may have caused not only a referral bias but also a population bias because the women were already at high risk for non-PHTP-related obstetrical complications. In our cohort, most of the patients (64.9% total; 70.6% of women with relevant data) did not have any history of abortion, and only seven (9.3%) had had repeated abortions. Similar to the findings of Norman et al (5), each of the five pregnancies in which parathyroidectomy was done during the second trimester ended in the uneventful delivery of a healthy infant at 37-40 weeks gestation. This finding is also compatible with studies that deemed surgery in the second trimester to be safe and beneficial (5-7, 20 -23) . Thus, the present study does not exclude the possibility that parathyroidectomy in the second trimester might prevent abortions or other complications in women with severe gestational PHPT.
Our findings of no increased rate of pregnancy loss in maternal PHPT are consistent with the results of the recently published Danish registry study by Abood and Vestergaard (8) . Subjects included women aged 16 -44 years with a diagnosis of PHPT (based on ICD8 codes). Analysis of the obstetrical outcomes did not yield an increased abortion rate compared to the control group. Moreover, similar to the present study, there was no difference in pregnancy outcome between the women who underwent parathyroidectomy (54.5%) and those who did not.
Nevertheless, some significant methodological differences between the Danish study and the present one should be noted. Because we were able to clearly define the first detection of hypercalcemia as well as the time of its resolution after successful parathyroidectomy, we could ensure that only women with a proven diagnosis of gestational PHPT were included in the analysis. However, in the cohort of Abood and Vestergaard (8), only 22.5% of the patients (238 of 1057) had been diagnosed with PHPT before pregnancy, and there was no information on the presence or duration of hypercalcemia before the establishment of this diagnosis. Given that their study period encompassed 33 years, we may assume that a significant proportion of the remaining pregnancies occurred before the appearance of hypercalcemia. Moreover, 54.5% of their patients (576 of 1057) underwent parathyroid surgery during the study period, but no data were provided on the time of surgery in relation to the pregnancies (before, during, or after). Consequently, the actual number of cases of gestational PHPT (ie, pregnancies occurring after the diagnosis of hypercalcemia and before parathyroidectomy) is unknown. Additionally, we present a detailed analysis of serum calcium levels both during gestation and in the nonpregnant state, whereas the study of Abood and Vestergaard (8) did not include laboratory data.
In accordance with the results of Norman et al (5), we found that many patients with hypercalcemia were not actively followed for months or even years before PHTP was diagnosed and treated. The mean interval from the detection of hypercalcemia to the first measurement of serum PTH was 43.3 Ϯ 51.5 months (median, 20 mo). Norman et al (5) noted that PHTP during pregnancy goes undiagnosed more than half the time, and indeed, in our study, 47.3% of the women (35 of 74) were diagnosed only after delivery. However, patients may still demonstrate target organ involvement (24) , usually in the form of calcium stone disease. In the present cohort, nine of the 74 women (12.2%) had documented nephrolithiasis, which is close to the 15-20% reported in most series (24) .
All patients included in our study were Ͻ50 years old and therefore met the surgical criteria for parathyroidectomy. However, only 43 (58.1%) were eventually operated. Of these, 38 patients (88.4%) had a single parathyroid adenoma, and four (9.3%) had parathyroid hyperplasia. This is in accordance with the 11-12% rate of hyperplasia for both juvenile and adult PHPT that was reported in a recently published meta-analysis (25) . Pregnancy may offer a good opportunity to review previously detected abnormalities in serum calcium level and accurately diagnose PHTP. Accordingly, the time to diagnosis of PHTP in our cohort was shorter in the patients who underwent serum calcium measurements during pregnancy than in the patients who did not (27.6 Ϯ 41.1 vs 76.3 Ϯ 57.3 mo, respectively; P ϭ .0001). Because pregnancy is normally associated with a decrease in serum calcium and suppression of PTH, an increased serum calcium level with detectable PTH during this time indicates maternal PHPT (26) . As shown here, the involvement of an endocrinologist during gestation is associated with a shorter time to diagnosis and a better chance for appropriate parathyroidectomy in women with PHPT. However, no benefit in terms of obstetrical complications was found.
The present study has several limitations. First, we did not analyze maternal symptoms that have been reported in association with gestational PHPT, such as hyperemesis, muscular weakness, skeletal pain, constipation, and fatigue. Second, the study did not investigate newborn consequences of maternal PHPT. Third, since we included women with an ever-measured serum calcium level of Ն10.5 mg/dL, we could have missed a substantial number of patients with normocalcemic PHPT. Similarly, we probably missed patients with repeated hypercalcemia in whom serum PTH level was not measured. Patients in the control group did not undergo any PTH measurements, and thus, the presence of normocalcemic PHPT cannot be formally excluded also in these patients. Finally, although data on gestational age at delivery or abortion were ascertained in all cases, the retrospective collection of data from the medical files carries the potential risk of incomplete availability of data, both clinical and laboratory.
Conclusion
Gestational PHPT occurs rarely. A significant portion of cases go undiagnosed although repeated blood tests may show elevated serum calcium levels months and years before gestation. The present study shows that most women with PHPT during pregnancy have only mild hypercalcemia that is generally not associated with an increased risk of abortion or any obstetrical complication. Owing to the small number of women with severe hypercalcemia in our cohort, we were unable to analyze its potential effect on pregnancy outcomes or the potential beneficial impact of surgery in reducing the risk of abortions in this minority of patients.
